Changes to the structural complexity of the spoken language of schizophrenic patients have been demonstrated in three recent studies. The speculation is offered that these changes could result from dorsolateral prefrontal cortical dysfunction. Impairment of the executive functions of this part of the brain could theoretically explain both the varied symptomatology of schizophrenia and its unique pattern of ages of onset.
Three separate studies now have reported consistent changes in the grammatical structure of the spoken language of schizophrenic patients as compared with manic patients and non-psychiatric control subjects. Morice and Ingram (1982) reported findings from the first study in this journal. Schizophrenic patients were shown to produce speech of reduced syntactic complexity, to make more errors (both syntactic and semantic), and to be less fluent than manic patients and controls. The potential for the development of language analysis linked to discriminant analysis as a diagnostic instrument was discussed.
These original findings recently have been replicated, correcting some methodological and statistical problems associated with the first study (Morice & McNicol 1985a) . Using more stringent diagnostic criteria in association with the Diagnostic Interview Schedule (Robins et a/. 1981) ' good diagnostic sensitivity (71 Vo) and excellent diagnostic specificity ( 9 5 % ) for schizophrenia were achieved with discriminant functions formed from only four linguistic variables. Diagnostic power was maintained when subjects from the original study were classified using functions derived from subjects in the second study (a reverse replication). The four linguistic variables represented measures of syntactic complexity, fluency and semantic integrity. Schizophrenic patients again produced speech of simpler structure, made more semantic errors, and were more dysfluent than manic patients and control subjects.
An independent replication study conducted in the Department of Psychiatry, University of Edinburgh, employing a similar methodology but larger subject numbers, has confirmed the findings of the two Australian studies (Fraser et al. 1985) .
While recent reviews of language studies in schizophrenia largely have denied the existence of syntactic changes (Pavy 1968; Maher 1972; Rieber 1980; Darby 1981; Schwartz 1978 and 1982) , earlier reports attested to their presence. Kraepelin (197 1) in particular provided detailed descriptions of a range of syntactic anomalies. Frequent errors at word level were rioted, producing paraphasias ('a change or partial fusion of words in common use' p. 67) and neologisms ('a further form of paraphasic derailment' p. 68). Beyond the word level, he described akataphasia ('derailments in the expression of thought in speech' p. 70). Such derailment could be accompanied by 'confused syntax', and even telegrammatic speech (p. 71).
Kraepelin attempted to relate the clinical features of dementia praecox (including language changes) to focal brain dysfunction. He considered the frontal cortex a likely site of impairment, as it 'stands in closer relation to his [man's] higher intellectual abilities, and these are the faculties which in our patients invariably suffer profound loss . . .' (p. 219). But as 'motoraphasic disorders' occurred only infrequently, he believed temporal lobe impairment to be the more likely correlate of his described language changes. Throughout his long and distinguished psychiatric career Karl Kleist sought to link schizophrenic symptomatology with brain dysfunction. In particular, he used the various disorders of spoken language to speculate on the existence of sensory and motor aphasias in schizophrenia, linking them to left temporal and frontal lobe dysfunction (Kleist 1960) .
It seems clear from later research, however, that language disorders in schizophrenia do not equate simply with Broca's or Wernicke's aphasias, despite the existence of qualitatively similar features. Patients with predominantly negative symptoms (especially alogia and poverty of content of speech) do produce less complex speech, but rarely does it become totally agrammatic. Equally rarely do patients with a profusion of paraphasias and neologisms (and other positive features) resemble the fluent aphasics with damage to Wernicke's area. Gershon et al. (1977) have identified six major characteristics which differentiate schizophrenic from posterior aphasic patients.
From the three language studies described at the beginning of this paper, it seems possible that a continuum of language disorder could exist in schizophrenia, from language of greatly reduced syntactic complexity on the one hand, to highly complex language, but containing copious lexical, syntactic and semantic errors, on the other. Findings have suggested constraints on the production (and comprehension -Morice & McNicol 1985b) of complex language as the underlying dimension. Severe constraints could produce the extremely simple speech observed, speech relatively free from errors because of its simplicity. Mild constraints could allow the production of complex sentences (often far more complex than those produced by the controls, as if the speakers were unaware of pragmatic limits to the degree of complexity), but at the expense of frequent errors. It is possible that the admix in schizophrenia of linguistic features resembling both anterior and posterior aphasias could result from an impairment of some executive function co-ordinating the two main language areas of the brain.
Such an 'executive' might co-ordinate other than language functions. It could monitor many complex functions, for example, those subserved by temporal sequencing (serial order phenomena such as walking, games, social interactions, grooming and language -Restle 1970). A malfunctioning 'executive' could, theoretically, produce many of the varied symptoms and characteristics of schizophrenia. The most likely site of such an 'executive' is the dorsolateral cortex of the left prefrontal lobe (Luria 1984; Fuster 1980) . After a period of relative obscurity, the advent of the newer brain imaging techniques has brought the frontal lobes back into some prominence. lngvar (1980), measuring regional cerebral blood flow with the 133 Xenon clearance technique, demonstrated reduced frontal cortical activity in chronic schizophrenic patients. Similar findings were reported by Buchsbaum et a/. (1982) using cerebral glucography with positron emission tomography, findings replicated by Farkas et al. (1984) . More recently, Weinberger et al. (1985) have used regional cerebral blood flow studies in association with neuropsychological testing to further localise the putative site of impairment. When measurements were taken during performance of the Wisconsin Card Sorting Test, a sensitive measure of prefrontal lobe function, both absolute and relative blood flow to the dorsolateral prefrontal cortex distinguished schizophrenic patients from controls.
Another imaging method for brain function, brain electrical activity mapping (BEAM) has supported these general findings. Morihisa and McAnulty (1985) have reported increased frontal delta activity in schizophrenic patients, together with frontal changes related to visual evoked potentials.
While the first report of nuclear magnetic resonance (NMR) in schizophrenia (Smith et al. 1984 ) did not report any structural differences between the brains of nine schizophrenic and five control subjects, at the recent 21st Congress of the Royal Australian and New Zealand College of Psychiatrists, Professor Nancy Andreasen did offer convincing evidence from NMR studies for the presence of smaller frontal lobes in some patients.
The role of the frontal lobes in schizophrenia recently received detailed attention from Levin (1984) . He reinterpreted the well-known smooth eye pursuit movement i m p a i r m e n t s in schizophrenia as resulting from dysfunction of the frontal eye fields, specifically from an impairment of the feedback regulation between saccadic and smooth movements. This function of th? frontal eye fields, situated as they are in the prefrontal lobes, could be seen as an 'executive' function. Another type of eye tracking impairment in (positive) schizophrenia was attributed by Levin to a 'dysfunction of temporo-parietal mechanisms of task-engagement' (p. 27).
To date, language changes in schizophrenia have not been directly attributed to prefrontal lobe dysfunction, although a recent Polish study may be relevant. Kaczmarek (1984) reported a reduced syntactic complexity in the spoken language of neurological patients with lesions of the dorsolateral cortex of the left prefrontal lobe, but not in those with lesions of the inferomedial cortex. These findings seem tantalizingly similar to those from the three language and schizophrenia studies reported above.
The prefrontal cortex is the most recently developed part of the brain, increasing in size as the phylogenetic ladder is ascended. In the adult human it comprises 29% of the total cortex (Brodmann 1912 quoted in Fuster 1980 . It is a giant association area, receiving afferents from and sending efferents to almost every other brain structure. It plays a central role in 'the regulation and verification of the most complex forms of human behaviour' (Luria 1984 There are many others. Some or all may be impaired to some degree in schizophrenia. Impairment of this executive function of the prefrontal cortex, especially of its dorsolateral aspects, could underlie the multifarious symptomatology of schizophrenia. Its impairment relative to the negative symptoms of schizophrenia would not be difficult to accept. Chronic, 'process' schizophrenic patients frequently seem unable to perform adequately any complex behaviours. They often exhibit proverty of speech and poverty of content of speech.
It is more difficult to attribute positive symptoms to prefrontal lobe dysfunction, and this has led many researchers, from Kraepelin and Kleist to Levin, to impute an alternative dysfunction of the temporo-parietal region. Thus, at least two schizophrenias are implied, and Crow (1980) has offered two pathochemical theories. But the prefrontal cortex has important connections with both temporal and parietal regions, and it is possible that the apparent temporo-parietal dysfunction of positive (type 1) schizophrenia could result from an executive dysfunction at the higher (prefrontal) level. The large number of patients with features of both positive and negative schizophrenia would support this more parsimonious theory.
The attribution of a unitary role for the prefrontal cortex in schizophrenia provides some potential explanatory power for the patterns of age of onset for the disorder. Currently, no satisfactory explanation exists for the peak incidence rates in the second and third decades, expecially the classical onset of process schizophrenia during mid-to late-adolescence.
Human brain growth is not complete at birth. Stages of growth (spurts) are known to occur at 3-10 months, and 2-4,6-8, 10-12 +, and 14-16 + years (Epstein 1979) , with relative plateaux in between. Total brain weight increases by up to 30% after the age of 18 months, and this increase is thought to be due predominantly to the elongation and branching of axons and dendrites, and to myelination. Epstein links this increase in neural network complexity with the growth in complexity of brain functions. He goes so far as to link the first four stages of brain growth with Piaget's four main stages of cognitive development. He points out that the fifth stage of brain growth (14-16+ years) has no Piagetian counterpart. It is interesting that this stage may be contemporaneous with the first high-risk period for the development of schizophrenia.
It is probable that one of the last regions of the brain to develop, or rather to reach full maturity, is the dorsolateral prefrontal cortex. The main data, of course, come from animal studies. The most persuasive evidence has been presented by Goldman (1979) . Using monkeys, she and her coworkers have shown that impaired performance (on delayed response tasks) following cooling of the dorsolateral cortex is comparable with adult deficits only when the monkeys reach 34 to 36 months of age. At younger ages cooling does not produce significantly impaired performance in comparison with pre-and post-cooling testing. Goldman concluded that 'only at 36 months of age, when monkeys are close to sexual maturity, does the process of maturation [of the dorsolateral prefrontal cortex] seem to be essentially complete' (P. 7).
Assuming a similarly late maturity of the dorsolateral prefrontal cortex in humans, it is possible to conjecture that deficits associated with cortical impairment would not become manifest until late in the region's development, or even until the area had become fully mature and operational. Thus, given a proximate causal role for the dorsolateral prefrontal cortex in schizophrenia, its manifest appearance in mid-to late-adolescence a n d b e y o n d becomes understandable. Major impairment of prefrontal function might be expected to result in a relatively earlier age of onset of schizophrenia, with lesser impairments producing later ages of onset, or earlier onsets associated with other stressors such as hallucinogenic drug use. It is of some interest here that Morice and Ingram (1983) reported a significant correlation between one measure of complex behaviour (syntactic complexity) and age of onset of schizophrenia. A younger age of onset was associated with reduced syntactic complexity.
Although relatively little is known about the prefrontal lobes (a recent issue of Trends in NeuroSciences was devoted to 'The Frontal Lobes uncharted provinces of the brain' -1984, vol. 7, no. ll), knowledge is expanding. The development of the newer brain imaging techniques and of neurotransmitter receptor site visualisation by autoradiographic techniques is contributing to this expansion. Of equal importance for psychiatry will be an increased knowledge of the neuropsychology of the region. A greater understanding of the functional deficits resulting from prefrontal lobe impairment could enhance our understanding of schizophrenia.
